Introduction
Fifty years ago I was house physician, at Guy's Hospital, to John Josias Conybeare. He played golf at Huntercombe and there became friendly with Sir William Morris (later Lord Nuffield) and it was Conybeare, more than anyone, who slanted Morris's munificence towards medicine. But little did I think, in those far-off days, that in 1964 the University of Liverpool would be the recipient, from the Nuffield Foundation, of a very large grant to build the Nuffield Unit of Medical Genetics in which P M Sheppard and I could expand our research -nor that I should be the recipient of this medal today.
Hybrid butterflies and the Rh problem The point of the title of this lecture is that my research started with a study of a hybrid butterfly which I obtained, by hand-mating, in 1952. It was a cross between two different species of swallowtail (Clarke 1952) and this aroused my interest in genetics. The hybrid insects were rather infertile and although we could back-cross them, we were unable to get an F2 generation. They thus conformed to the general finding of greatly reduced fertility in interspecific crosses. However, both males and females were splendid looking insects and we inferred 'hybrid vigour', that is they were more robust than either parent. It is strange, and a fact which in my view has never been satisfactorily explained, that hybrid vigour is associated with sterility. Dobzhansky (1964) ducks the issue and calls the vigour 'luxuriance' -'an accidental condition brought about by complementary action of genes'. About 1955 P M Sheppard and I became interested in Batesian mimicry and we first studied the well known polymorphic swallowtail Papilio dardanus (the 'Mocker'). This made me aware of an entirely different form of hybridity, where the heterozygotes (the 'hybrids') are at an advantage overi.e. more fertile thanboth homozygotes, thus keeping the polymorphic systems in equilibrium. The genetic control of the wing patterns of these mimetic butterflies was found to be mediated by a series of closely-linked genes usually transmitted as a unit, but with occasional crossing over to produce the rarer phenotypes; and it was this which led to an interest in the Rhesus blood groups where the method of inheritance is similar.
The Rhesus story will be well known to you, and all I will show here is the graph (Figure 1 ) demonstrating the progressive decline in the mortality of Rh haemolytic disease of the newborn since the prophylaxis by anti-D gammaglobulin was introduced about 1970 (see Clarke & Whitfield 1984) .
Some evolutionary problems in hybrids
It is of interest that both the creationists and the evolutionists have good arguments to account for the sterility of species hybrids, at least in animals. The first hold that species were created perfect by God and therefore crosses were bound to be for the worse. Evolutionists, on the other hand, reach the same conclusion by invoking natural selection, those characters that reduce the reproductive success of an organism in a certain environment being eliminated, and those that enhance it favoured. Species are therefore finely adjusted to their environment and crosses between them are likely to upset the homeostasis. For the same reason mutations were usually thought to have been deleterious. ' The Darwinian view is that speciation in animals takes millions of years, but this is quite untrue of the plant world. Here new species can be produced very rapidly and hybrids, instead of being sterile, are often fertile. The reason for this is that some plants have learnt the trick of polyploidy, whereby the chromosome number can be doubled. This enables a cross between two species with different chromosome numbers to become fertile as, due to polyploidy, the chromosomes have partners with which to pair. A classical example is the common hemp-nettle, Galeopsis tetrahit, now widespread in woods and along hedges throughout Britain, but created only 50 years ago by artificially crossing two species, one a rare one in this country and the other a continental species not found in England. Another example is the British cord grass, Spartina townsendii, that curse of our coastline, which is a naturally-occurring fertile hybrid between two species of the same genus. Ford (1981) also points out that Darwin's 'Origin of Species' is unfortunately named because the book is fundamentally about evolution, i.e. adaptations and variations, and not just confined to speciation.
The mule A classical type of animal hybrid, the mule, is a cross between a mare and a jack donkey. Usually mules are sterile but there are reports from time to time of fertile females, though in general 'cum mula peperit' is truly the equivalent of 'once in a blue moon'. The trouble with being sure that any given foal really is the offspring of a mule is that where horses and donkeys pasture together a foal may be born which bonds itself to a female mule and this may even result in lactation without it having been the true mother. Nevertheless, occasional fertile female mules are fairly well documented and their offspring are of interest, for when the sire is a stallion the foal is pure horse; conversely, when he is a jack donkey the offspring is always a mule. Chandley (1981) has a hypothesis which explains this (see Figure 2 ) and the key to the mechanism is 'affinity', the maternal chromosomes staying together in the gametes. The Chinese, who breed mules intensively by artificial insemination, are in no doubt that the animals are occasionally fertile (see Figure 3 ), but we have not found it possible to get the references and to check on all the various snags which have to be ruled out.
Goat/sheep chimaera (Fehilly et al. 1984 , Meinecke-Tillmann & Meinecke 1984 Goats and sheep will also hybridize, but the conceptus is always aborted though chimaeras can be obtained. The technique is to section a goat embryo at a very early stage and join it up with a sheep embryo similarly treated. This double embryo is then wrapped up in the trophoblast of a sheep, implanted in the sheep's uterus and because of the wrapping, there is no rejection. The chimaera produced is shown in Figure 4 . It must be emphasized that a chimaera is not a hybrid because in the latter each cell contains chromosomes from the mother and father whereas in the chimaera there are mixtures of the two types of cell. Nevertheless, it would be very interesting to produce a 'mule' by the same mechanism and to see how far the chimaera resembled the true hybrid. Hybridity in lizards (Cole 1984 , Figure 5 ) Lizards sometimes hybridize, a grassland species of whiptail interbreeding with a desert one, and hybrids have been produced. These are likely to be sterile because of the species differences, but the hybrid females found a way round their problem because, like the plants, they became polyploid and therefore capable of parthenogenetic cloning, i.e. 'life without father'. This parthenogenesis is rare in animals but when it does occur it is likely to improve the survival chances of a species which lives in a stable environment. Sexual reproduction, on the other hand, produces genetic variability in the offspring and a sexually-reproducing species is more likely to be capable of adaptation and survival in a changing or hostile environment.
Hydatidiform mole Here 'life without mother' occurs, for the egg of the mole loses its nucleus, and 'fertilization' takes place by means of an X sperm which duplicates (Kajii & Ohama 1977) . Moles therefore have a Barr body but all the chromosomes are paternal. Is this the height of hybridity? Maybebut more important it could explain why the tumour is so often curable, the immune response being more intense than against a heterozygote. This, together with methotrexate, ensures that many cases are cured even though metastases have occurred (see Bagshawe 1984) .
Hybridity in polymorphic systems
This is the second type of hybridity and the examples I quote take me back to the Lepidoptera.
Papilio dardanus (Clarke & Sheppard 1960) Figure 6 shows some perfect mimics of P. dardanus together with their distasteful models. By breeding P. dardanus we have shown the dominance relationships between the various morphs, each appearing to be the result of a single gene difference. However, the matter is more complicated than this, because if a Madagascan P. dardanus female (where no mimics occur) is crossed with the mimetic race, the hybrids show that the mimicry has broken down Figure 6i ), even though the hybrid has the major gene for mimicry. This must mean that in the perfect mimic there are modifying genes (unlinked to the major one) which perfect the mimicry provided the major gene is present. If it is not, they will do nothing, but because they are unlinked they will get into the various forms of the butterfly in a given race. However, the Madagascan female will have none of these modifiers and hence the breakdown of the mimicry in the hybrid.
Modifying genes in a naturally-occurring species hybrid in Kenya
We have produced many hybrids ('nandina') by crossing P. dardanus with another polymorphic but non-mimetic species, Papilio phorcas (Clarke 1980) , and the female offspring occasionally segregate in a non-Mendelian manner such that a single one-off 'ancestral' dardanus-like form appears which was not present in either parent. This may be the result of unlinked modifiers in each species becoming 'switched on' and producing something new when, as is the case, they meet together in a hybrid. Some such mechanism might explain 'throwbacks' in man in matings between different races. These were believed in by most scientists early this century, but are now considered to be old wives' tales or dismissed with the cynical remark 'pater semper incertus est'.
Hybrid dysgenesis
Although this phenomenon has been known for some years, yet there is renewed interest in it with the advances in molecular genetics. Hybrid dysgenesis has so far only been reported in a single animal (as opposed to several plants), Drosophila melanogaster. Here unusual forms of the insect occur, recombinations are found in the male and there can be upsets in the sex ratio. These abnormalities are the result of crosses in which wild stock is hybridized with laboratory-bred material and 'jumping genes' (between chromosomes) have been demonstrated. The condition appears to me to be of fundamental importance and unlikely to be confined to D. melanogaster. Therefore we are on the lookout for it in the Lepidoptera (where we have data on 18 000 matings); it may be that in the past unusual results have been wrongly ascribed to errors in breeding. If anything like it should occur in man, 'throwbacks' would be easy to understand (Eggleston & Kearsey 1980 )! Race hybrids in Lymantria dispar About 50 years ago Richard Goldschmidt carried out his classical experiments on the Gypsy moth, dividing the various races into 'weak' and 'strong' categories. Essentially he found that when a 'weak' female was mated to a 'strong' male, female intersexes were produced but this was not the case in the reciprocal cross. The most extreme example of intersexuality occurred when a female fromthe island of Hokkaido, north of Japan (the 'weakest' race of all), was mated to a 'strong' Aichi male from the mainland. Goldschmidt found that all the offspring of this cross looked like males and he stated that this was because half of these insects were completely transformed females, though the chromosomal sex had not been altered (Goldschmidt 1934 ).
Recently we have repeated this cross several times and confirm a big excess of males, but the sex chromatin body (Figures 7 and 8) tested for in the larvae showed that all the insects were chromosomally male since they lacked the heteropyknotic body ('Smith negative'). The. only Smith-positive insects were two normal looking females from one of the broods. We thought it was much more likely that Goldschmidt's findings and our own resulted from the Haldane effect (deficiency of the heterogametic sex in race crosses) and that the female embryos or tiny larvae had died because of genic imbalance and that the males were not converted females. We do not deny that female intersexes occur in some of the 'weak' with 'strong' crosses, but we only found these sporadically and they did not conform to any particular ratio. The sex chromatin from the larvae was usually tested for on a proleg. This is pulled out without killing the caterpillar so that the animal can be traced through to the adult stage (Clarke & Ford 1980 , 1982 , 1983 .
Sex ratio in abortuses in man
Until recently the general view has been that spontaneous abortions are far more often male than female and that throughout life it is the male which is the more vulnerable sex. The abortion story stems from the fact that in embryonic life the female phallus is as big as that of the male and the Barr body is not found because maceration of the cells often occurs, and the abortus is therefore classed as a male. Culture of the chromosomes, however, shows that there are in fact more female abortions than male (U Mittwoch, personal communication). 1952 '54 '56 '58 '60 '62 '64 '66 '68 '70 '72 '74 '76 '78 1980 '82 Y ea r Figure 11 . Centenarians in the United Kingdom something over 95% of the population. However, the typical form was never completely eliminated because the polymorphism was kept in existence by heterozygous advantage, i.e. hybridity. For the past 25 years I have been sampling the two forms of moth in traps at my home near Liverpool and Figure 10 shows the striking diminution in the proportion of the black form, particularly in recent years. This is probably the result of the introduction of smokeless zones in the 1960s which meant that the black form of the moth was at less of an advantage than previously. This may have some relevance to human illness (see below).
Centenarians
An enquiry to Buckingham Palace and to the Office of Population Censuses and Surveys gave us the information that there are now about 2000 centenarians in the country whereas 30 years ago there were only 200 ( Figure 11 ), though at both times females greatly exceeded males. In passing, this is contrary to the Darwinian theory since natural selection should eliminate women after the end of the child-bearing age. Obvious possibilities for the increase in the very aged are antibiotics, central heating, more exercise and the National Health Service. However, the actuaries tell us that we are probably wasting our time simply looking at centenarians, for in every decade in adult life there is increased longevity and each cohort therefore benefits from the one before, so that a factor of x 9 or 10 by the time the century is reached is only what is to be expected. However, there must be differences in the causes of the increased longevity in each decade, for example hypothermia. is irrelevant between 40 and 60 but common in the very old. I rather doubt the actuaries' sweeping statement and I think the moths point the way to the major factor. Reduction in pollution leads to the virtual disappearance of pea-soup fogs and the consequent chest infections which killed so many people, particularly men, in earlier days. Finally, to return to my last, increased hybridity may be a factor. Since the introduction of the internal combustion engine we no longer marry the girl next door but wander far for our mates, and this will lead to heterozygosity at many loci, which will make us biologically fitter. Whether true or not the problem is of great interest, and I hope that what I have said will show the importance of natural history. Nearly sixty years ago one of my favourite poems was written by the then President of the Royal College of Physicians (Bradford 1926) :
And Nature the old nurse took
The child upon her knee, Saying 'Here is a story book Thy Father has written for thee'.
'Come wander with me', she said 'Into regions yet untrod, And read what is still unread
In the manuscripts of God'.
